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(57) ABSTRACT 

A shape measurement data is acquired by measuring along a 
spiral measurement path a lens shape which is machined 
along a spiral machining path. An interpolated shape mea 
Surement data at intersecting points of a radial line passing 
through a center of the lens shape and the spiral measurement 
path is acquired by interpolating the shape measurement data, 
and a compensated machining amount for removing a 
machining error at each of the intersecting points (the 
machining points) is calculated from the interpolated shape 
measurement data by interpolation. Further, a machining 
point compensated machining amount at each of the machin 
ing points on the spiral machining path is calculated from the 
calculated compensated machining amount, and a compen 
sated machining path is created on the basis of the machining 
point compensated machining amount. 

4 Claims, 13 Drawing Sheets 
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LENS SHAPE MACHINING METHOD AND 
LENS SHAPE MACHINING DEVICE FOR 
CARRYING OUT MEASUREMENTALONG 

SPIRAL MEASUREMENT PATH 

RELATED APPLICATIONS 

The present application is based on, and claims priority 
from, Japanese Application Number 2012-054972, filed Mar. 
12, 2012, the disclosure of which is hereby incorporated by 
reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a lens shape machining 

method and a lens shape machining device for carrying out a 
measurement along a spiral path as well as a machining in the 
machining by the spiral path. 

2. Description of the Related Art 
In an ultra-precision machining, a compensation machin 

ing on the basis of an onboard measurement is essential for 
achieving a shape precision of a nanometer unit. The com 
pensation machining on the basis of the onboard measure 
ment is mainly carried out frequently in an optical device Such 
as a lens or the like. The conventional lens metal mold is 
generally machined and compensated by machining the lens 
metal mold on the basis of a lathe machining, and compen 
sating and machining an error of a shape on the basis of the 
onboard measurement. 
On the basis of popularization of a cell phone and a Smart 

phone and development of various high-density integrated 
sensors in recent years, a numerical quantity of a compact 
lens which is mounted on these products is increased. Accord 
ingly, a lot of high-precision lens metal molds which are used 
for manufacturing the compact lens are going to be required. 
In the conventional lathe machining which machines the lens 
metal mold one by one, it is impossible to achieve a produc 
tion capacity which can respond to the needs, and it is neces 
sary to achieve a simultaneous machining of a lot of compact 
high-precision lenses, and a simultaneous machining of sev 
eral thousands of lens arrays in Some cases, for meeting the 
demand of the compact lens. 

Consequently, it is often the case that a spiral path machin 
ing according to a milling is applied to the machining for 
meeting the demand of the compact lens. Since the spiral path 
machining comes to the lathe machining in a pseudo manner, 
it is an optimum machining method in the lens array machin 
ing. Further, for example, Japanese Patent Application Laid 
Open No. 2007-276049 discloses a technique in which an 
array shape metal mold is machined by a scan machining, and 
a measurement using an onboard measuring device and a 
machining compensation on the basis of the result of mea 
Surement are carried out along a linear raster path. 

In the machining of the lens array metal mold, the machin 
ing according to the spiral machining path has been conven 
tionally carried out. On the other hand, the measurement and 
the compensation have been conventionally handled only by 
a cruciform section measurement (refer to FIG. 19). In the 
cruciform section measurement, it is possible to comprehend 
an outline tendency of vertical and lateral asymmetries of the 
shape, however, it is impossible to comprehend the other 
portions than the portion which is measured in the crisscross 
manner. Even if a compensated machining amount is deter 
mined according to an approximating method, a space ther 
ebetween is too large, so that it is highly likely that a com 
pensation which is away from an actual shape erroris applied. 
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2 
The three-dimensional measurement and machining 

according to the raster path (an aggregation of the linear 
paths) which is disclosed in Japanese Patent Application 
Laid-Open No. 2007-276049 mentioned above can measure 
all the machining Surfaces, and can machine the high-preci 
sion lens array metal mold. However, since the measurement 
and the machining are carried out along the linear path, a line 
of a linear feeding of a tool tends to be left on the machining 
Surface, and there is a case that a micro line adversely affects 
an optical characteristic. Further, since there are a lot of 
motions such as an escaping motion and the like which are 
neither an effective machining nor a measuring motion, for 
changing to the next path after finishing one path, reduction of 
a man hour is prevented. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is made by taking the 
problem of the prior art mentioned above into consideration, 
and an object of the present invention is to provide a lens 
shape machining method and a lens shape machining device 
which carry out a measurement along a spiral measurement 
path as well as a machining along a spiral machining path. 

In the lens shape machining method according to the 
present invention, the lens shape is machined by using a lens 
shape machining device which has an onboard measuring 
device, and relatively moving a tool and a machining object 
along a spiral machining path. The lens shape machining 
method includes a step of machining along the spiral machin 
ing path, a step of acquiring shape measurement data by 
relatively moving a probe of the onboard measuring device 
with respect to the machining object along a spiral measure 
ment path having a radius increasing and decreasing amount 
which is larger than a radius increasing and decreasing 
amount of the spiral machining path, after the machining, and 
measuring the machining object at a measurement point on 
the spiral measurement path by the onboard measuring 
device, a step of determining interpolated shape measurement 
data at an intersecting point of a plurality of radial lines 
passing through a center of the lens shape and the spiral 
measurement path by interpolating the shape measurement 
data, a step of determining a shape error amount which is a 
deviation between the interpolated shape measurement data 
and reference data, at the intersecting point of the radial lines 
and the spiral measurement path, a step of determining a 
compensated machining amount for removing the machining 
error at the machining point which is the intersecting point of 
the radial lines and the spiral machining path, on the basis of 
the determined shape error amount, a step of determining a 
machining point compensated machining amount at each of 
the machining points on the spiral machining path, on the 
basis of the determined compensated machining amount, a 
step of creating a compensated machining path on the basis of 
the determined machining point compensated machining 
amount, and a step of executing the machining of the machin 
ing object by relatively moving the tool of the lens shape 
machining device and the machining object along the created 
compensated machining path. 
The compensated shape measurement data may be deter 

mined by interpolating the shape measurement data at the 
measurement point according to a linear approximation or a 
curvilinear approximation of the shape measurement data. 

In the lens shape machining device according to the present 
invention, the lens shape is machined by using the lens shape 
machining device having the onboard measuring device, and 
relatively moving the tool and the machining object along the 
spiral machining path. The lens shape machining device is 
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provided with a shape measurement portion which acquires a 
shape measurement data by relatively moving a probe of the 
onboard measuring device with respect to the machining 
object along a spiral measurement path having a radius 
increasing and decreasing amount which is larger than a 
radius increasing and decreasing amount of the spiral 
machining path, after the machining along the spiral machin 
ing path, and measuring the machining object at a measure 
ment point on the spiral measurement path by the onboard 
measuring device, an interpolated shape measurement data 
calculating portion which determines interpolated shape 
measurement data at an intersecting point of a plurality of 
radial lines passing through a center of the lens shape and the 
spiral measurement path by interpolating the shape measure 
ment data, a shape error amount calculating portion which 
calculates a shape error amount which is a deviation between 
the interpolated shape measurement data and reference data, 
at the intersecting point of the radial lines and the spiral 
measurement path, a compensated machining amount calcu 
lating portion which determines a compensated machining 
amount for removing the machining error at the machining 
point which is the intersecting point of the radial lines and the 
spiral machining path, on the basis of the determined shape 
error amount, a machining point compensation amount cal 
culating portion which determines a machining point com 
pensated machining amount at each of the machining points 
on the spiral machining path, on the basis of the determined 
compensated machining amount, and a compensated machin 
ing path creating portion which creates a compensated 
machining path on the basis of the determined machining 
point compensated machining amount. Further, the machin 
ing of the machining object is executed by relatively moving 
the tool of the lens shape machining device and the machining 
object along the created compensated machining path. 
The compensation shape measurement data calculating 

portion may determine the interpolated shape measurement 
data by interpolating the shape measurement data at the mea 
Surement point according to a linear approximation or a cur 
Vilinear approximation of the shape measurement data. 

According to the present invention, it is possible to provide 
the lens shape machining method and the lens shape machin 
ing device which carry out the measurement along the spiral 
measurement path as well as the machining along the spiral 
machining path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object mentioned above, the other objects and the 
features of the present invention will be apparent from the 
following description of embodiments with reference to the 
accompanying drawings. Among the drawings: 

FIG. 1 is a view describing a substantial part of a machine 
tool which has three rectilinear axes, an X axis, a Y axis and 
a Z axis, and further has two rotating axes, a Baxis arranged 
on the X axis and a C axis arranged on the Y axis; 

FIG. 2 is a view illustrating how to carry out a shape 
measurement of a measurement object on the basis of dis 
placement information of a probe, wherein the probe is a 
movable portion of an onboard measuring device and a move 
ment displacement of the probe is detected by a linear scale 
and a laser head, and the prove is relatively moved along a 
Surface of a machining object; 

FIG. 3 is a view describing a system which has a machine 
tool provided with the onboard measuring device, and a 
numerical controller controlling the machine tool; 
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4 
FIG. 4A is a perspective view describing an example of a 

lens array metal mold to which a machining according to a 
spiral path is applied; 

FIG. 4B is a plan view of the lens array metal mold in FIG. 
4A; 

FIG. 5 is a view describing a machining along a spiral 
machining path; 

FIG. 6 is a view describing a measurement along a spiral 
measurement path; 

FIG. 7 is a view describing a radial increasing and decreas 
ing amount of the spiral machining path; 

FIG. 8 is a view describing one example of the measure 
ment path which corresponds to the machining path consti 
tuted by the spiral path, in the present invention, wherein a 
radial increasing and decreasing amount of the spiral mea 
Surement path is equal to or more than the radial increasing 
and decreasing amount of the spiral machining path; 

FIG. 9 is a view describing a detail of measurement of a 
workpiece which is carried out along the spiral measurement 
path; 

FIG. 10 is a view describing shape measurement data, 
which corresponds to a shape error obtained by measuring 
along the spiral measurement path after machining along the 
spiral machining path, that are arranged on radial lines which 
passes through machining points of the machining path and 
are arranged at optional angles through a center of a lens 
shape; 

FIG. 11 is a view describing determination of a compen 
sated machining amount for removing the shape error in the 
machining path which intersects with each of the radial lines 
by using the shape measurement data on each of the radial 
lines: 

FIG. 12 is a view describing a compensated machining 
point on the spiral machining path after determining the com 
pensated machining amount at the machining points which 
intersect with the radial lines; 

FIG. 13 is a view describing a method of preventing reduc 
tion of a compensated machining precision which is gener 
ated in the case that a distance between the compensated 
machining points becomes wider toward an outer side on the 
basis of division per optional angle of the radial lines; 

FIG. 14 is a view describing determination of the compen 
sated machining amount at the machining point (the compen 
sated machining point) which intersects with the radial line 
on the basis of the method of FIG. 11, after segmentalizing the 
radial lines in FIG. 13 and determining the interpolated shape 
measurement data at a pseudo measurement points which 
intersect with the segmentalized and increased radial lines; 

FIG. 15 is a view describing determination of the compen 
sated machining amount at each of division points on the 
basis of an approximate interpolation by dividing between the 
machining points (the compensated machining points) which 
intersect with the radial lines and at which the compensated 
machining amounts, determined by the approximation from 
the measurement point, are known, per actual machining 
pitches; 

FIGS. 16A and 16B are views describing an example in 
which a lens shape is measured on the basis of a measurement 
which is carried out in the lens shape machining according to 
the present invention, after machining along the first spiral 
path of the lens shape machining, in which FIG.16A is a view 
obtained by plotting error values with respect to an X coor 
dinate, and FIG. 16B is a view obtained by three-dimension 
ally plotting measurement data obtained by measuring along 
the spiral measurement path; 

FIGS. 17A and 17B are views describing a measurement 
result which is obtained by determining a compensated 
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machining amount according to a method of the present 
invention, carrying out the machining along the spiral 
machining path again by adding the compensated machining 
amount to the first spiral machining path in FIG.16 and then 
carrying out the measurement along the spiral measurement 
path again, in which FIG. 17A is a view obtained by plotting 
the error values with respect to the X coordinate, and FIG. 
17B is a view obtained by three-dimensionally plotting the 
measurement data obtained by measuring along the spiral 
measurement path; 

FIG. 18 is a flowchart describing a process of carrying out 
the machining and the measurement according to the present 
invention; and 

FIG. 19 is a view describing a cruciform section measure 
ment as a measuring method of a conventional lens array 
metal mold. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates to a method and a device 
which carries out a measurement along a spiral measurement 
path, determines a compensated amount of the machining on 
the basis of a result of measurement and carries out a com 
pensated machining, for compensating a shape error which is 
generated due to a profile error of a tool or the like, in the 
machining by a spiral machining path which is mainly used 
for a lens shape machining method. 

In a rotating milling tool, a rotating locus does not come to 
a perfect circle, but generally comes to an oval shape, due to 
an oscillation in a radial or thrust direction of the tool at the 
rotating time, in addition to the profile error of the tool itself. 
In the machining in the state mentioned above, in addition to 
undulation of the surface caused by the tool profile error, 
vertical and lateral shapes of the lens metal mold become 
asymmetrical. 

Accordingly, in order to accurately measure the shape error 
of the lens metal mold, it is necessary to comprehend a dis 
tribution of the shape error of a whole surface of the lens metal 
mold by carrying out the measurement along the spiral mea 
Surement path which is the same as the spiral machining path. 
However, the spiral machining path generally comes to a 
dense path by making a decreasing amount of a spiral radius 
very small while taking into consideration a Surface rough 
ness (10 nm or less in the case of an ultra-precision). Accord 
ingly, it is ideal to completely comprehend all the Surfaces by 
making the spiral measurement path absolutely the same as 
the spiral machining path mentioned above, however, a mea 
Suring time is elongated by doing so, and an influence of a 
drift of the measurement data due to a thermal displacement 
can not be negligible. Further, an amount of data which is 
obtained by measuring becomes enormous, and a man hour 
for carrying out the compensated machining on the basis of 
the measured data is increased. As a result, there is a possi 
bility that a purpose of lowering a machining precision and 
improving an original production capacity is impaired. 

Accordingly, in order to solve the problem at a time of 
carrying out the measurement along the spiral machining 
path, the present invention is characterized in that a machin 
ing of a high-precision lens shape is carried out by carrying 
out the measurement by a spiral measurement path which is 
thinned out by applying a decreasing amount of a spiral radius 
which is greater than a decreasing amount of a spiral radius of 
the spiral machining path to the spiral machining path, and 
determining a compensated machining amount accurately 
even in a machining portion which is not measured by the 
thinning. The spiral measurement path is formed by an 
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6 
optional number of measurement point rows. In this case, the 
spiral path in the spiral machining path and the spiral mea 
Surement path means a locus centering on an optical axis of a 
probe in the tool or the onboard measuring device, at a time of 
looking down the lens shape from a direction of the optical 
axis. 
As a specific method of the present invention, a measure 

ment is carried out along a spiral measurement path by thin 
ning out a lens shape having a shape equation, and the 
obtained shape measurement data is aligned like a radial line 
per optional angles in Such a manner as to intersect with each 
of points on the spiral machining path (in a lens cross section 
in the case of looking the lens from the above, a profile having 
an approximate shape error is created at each of the measure 
ment points formed like a radial line). The alignment is car 
ried out on the basis of an approximate interpolation. 

After aligning the shape measurement data like the radial 
lines, a compensated machining amount at an intersecting 
point of the locus of each of the radial lines and the spiral 
machining path is determined on the basis of a profile of a 
shape which is created by using the shape measurement data 
obtained by the measurement. However, since the compen 
sated machining point becomes dense in an inner side and 
becomes sparse toward an outer side by determining the com 
pensated machining amount by the radial line shape, the 
compensated machining amount is determined per pitches of 
the points of the original machining path by approximating 
the point between them. Thereafter, a high-precision compen 
sated machining is achieved by adding the compensated 
machining amount to the data of each of the points in the 
original machining path and machining again. The alignment 
of the shape measurement data is formed as radial line shape 
since the cross-sectional shape expression is the same at any 
angle in the radial line so that it becomes easy to compute. The 
error by each of the approximations can be held down to an 
approximation error which is equal to or less than nanometer 
in single FIGURE even by a simple linear approximating 
interpolation, by making an angle of the radial line Suffi 
ciently fine while taking a tolerance into consideration. 

Next, a description will be given of an aspect of the lens 
shape machining device according to the present invention, 
which carries out the measurement along the spiral measure 
ment path with reference to FIGS. 1, 2 and 3. 

FIG. 1 is a view describing a machine tool which is con 
trolled by the numerical controller, and is constructed by three 
or more rectilinear axes and one or more rotating axes. 
The machine tool has three rectilinear axes, an X axis, aY 

axis and a Z axis, and has two rotating axe, a Baxis arranged 
on the X axis and a C axis arranged on the Y axis, and can 
carry out a five-axes simultaneous control. It is possible to 
carry out a process of a work at a precision of nanometer 
order, by controlling each of the movable axes in a nanometer 
order. 

FIG. 2 is a cross-sectional view of a substantial part 
describing one example of the onboard measuring device 
which is attached to a machine tool. 
An onboard measuring device 1 is provided with a probe 1b 

which is a movable portion housed in a case 1a. The probe 1b 
can move in a direction of a center axis by a bearing (not 
illustrated) such as an air bearing or the like. A rod 1e of a 
measuring element, provided with a spherical measuring ele 
ment 1.f. is attached to one end of the probe 1b. The rod 1e of 
the measuring element is a fine rod-like member. Further, one 
end of the rod 1e of the measuring element is fixed to the 
probe 1b, and the spherical measuring element if is attached 
to the other end. The spherical measuring element if comes 
into contact with a machining object Surface 20a of a machin 
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ing object 20, and carries out a shape measurement. It is 
possible to measure a surface shape of the machining object 
surface 20a of the machining object 20 by moving the probe 
1b along the machining object Surface 20a and measuring a 
displacement of the probe 1b. 
The onboard measuring device 1 is provided with a linear 

scale 1d and a laser head 1c within the case 1a. The linear 
scale 1d and the laser head 1c constitute means for detecting 
a movement displacement of the probe 1b. Note that, a dis 
placement detecting means using the laser head 1c and the 
linear scale 1d is well known. As illustrated in FIG. 2, the 
onboard measuring device 1 is moved along the machining 
object surface 20a of the machining object 20, and a displace 
ment of the probe 1b is detected by the movement displace 
ment detecting means (the linear scale 1d and the laser head 
1c). The movement displacement detecting means outputs a 
movement displacement detecting signal which represents 
the displacement of the probe 1b (refer to FIG. 3). The move 
ment displacement detecting signal is input as a measurement 
signal ipf from the onboard measuring device 1 to a personal 
computer 11 which will be mentioned later, and is stored as 
position information of the probe 1b received from the 
onboard measuring device 1. 

FIG. 3 is a view describing one example in which the 
onboard measuring device and the machine tool are con 
nected. Respective axes of the X,Y,Z, Band C of the machine 
tool and the onboard measuring device which is attached to 
the B axis serving as a rotating shaft have interfaces of the 
same construction. That is, each of the X,Y,Z, B and Caxes 
is provided with the interface for controlling each of the axes. 
Although the onboard measuring device 1 does not constitute 
a movable shaft of the machine tool, the signal obtained from 
the onboard measuring device 1 is stored in the personal 
computer 11 via a servo control portion 9 of the numerical 
controller 8 in the same manner as each of the movable axes 
X,Y,Z, Band C of the machine tool, by assuming the onboard 
measuring device 1 as a movable shaft of the machine tool. 
When attaching the onboard measuring device 1 to the 
machine tool, the onboard measuring device 1 is accommo 
dated in an accommodating device 24 which is provided with 
an automatic opening and closing cover 25 as mentioned 
later. 

Since the respective axes (five movable axes) of the 
machine tool and the onboard measuring device have the 
interface of the same structure, a position detecting signal 
from a position detector (not illustrated) of each of the axes 
and a position detecting signal from the onboard measuring 
device are easily input, in Synchronization with each other, to 
a feed axis drive control portion of the numerical controller. 
Further, the numerical controller 8 and the personal computer 
11 carry out a LAN communication via an Ethernet (regis 
tered trade mark) 12, and the position information of each of 
the axes and the displacement information of the probe of the 
onboard measuring device 1 are simultaneously input to the 
personal computer 11 which is an external storage device. 
FIG. 3 illustrates carrying out of measurement by utilizing a 
measuring Software for storing the input position information 
of respective axes and displacement information of the probe. 
Further, according to one embodiment of the present inven 
tion, in the personal computer 11, a compensated machining 
program is created by compensating a machining program by 
using a shape data of the machining object 20 which is 
obtained by measuring. 

FIG. 3 illustrates an example in which the measurement 
signal from the onboard measuring device is input to the 
personal computer via the numerical controller. 
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In this example, the respective axes of the machine tool and 

the onboard measuring device 1 attached to the Baxis being 
a rotating shaft have interfaces of the same construction, the 
position detecting signal of each of the axes and the measure 
ment signal of the onboard measuring device 1 are easily 
input, in Synchronization with each other, to the servo control 
portion 9 which is the feed axis drive control portion of the 
numerical controller 8. 
A description of one example of the onboard measuring 

device 1 is given with reference to FIG. 2. Position detecting 
signals ipX, ipy, ipZ, ipb and ipc which are output from a 
position detecting device (not illustrated) embedded in a 
servo motor driving each of the axes (the X axis 3, the Y axis 
4, the Z axis 5, the Baxis 6 and the Caxis 7) of the machine 
tool are input in a feedback manner to the servo control 
portion 9 of the numerical controller 8. Similarly, a position 
detecting signal ipfwhich is a measurement signal relating to 
a movement displacement of the probe 1b is input from the 
onboard measuring device 1 measuring a surface shape of a 
machining object W via the interface 2, to the servo control 
portion 9. 
The position detecting signal which is output from the 

position detecting device in each of the movable axes of the 
machine tool is input to the servo control portion 9 via an 
interface (not illustrated). The interface is structured such that 
the position detecting signal which is output from the position 
detecting device embedded in the servo motor and the mea 
Surement signal which is output from the onboard measuring 
device 1 are input, in Synchronization with each other, to the 
servo control portion 9 of the numerical controller 8. 

Further, the numerical controller 8 is provided with a stor 
age unit (not illustrated) which stores a position information 
of each of the movable axes of the machine tool 1 and a 
measured information (a position information) from the 
onboard measuring device 1, and an interface which delivers 
the position information stored in the storage unit to the 
personal computer 11 of the external device. 

Since the position detecting signal which is the feedback 
signal from each of the movable axes of the machine tool and 
the measurement signal from the onboard measuring device 
are acquired by the servo control portion 9 of the numerical 
controller 8 via the interface 2 having the same circuit struc 
ture, the measurement signals from the position detecting 
device in each of the axes and the onboard measuring device 
(that is, the axial position detecting signal of each of the axes 
and the position detecting signal of the onboard measuring 
device) are easily and synchronously input to the numerical 
controller 8. Further, the read measurement signal is stored as 
the position information in a storage unit (not illustrated) of 
the numerical controller 8. 

Further, the numerical controller 8 carries out a LAN com 
munication via the Ethernet (registered trade mark) 12, for 
example, with the personal computer 11 which is the external 
device, and transmits the position information from each of 
the axes and the measured information from the onboard 
measuring device 1 to the personal computer 11, in the Stor 
age device 13 which is connected to or embedded in the 
personal computer 11. The personal computer 11 stores the 
position information from each of the axes and the position 
information from the onboard measuring device 1, in Syn 
chronization with each other, in the storage device 13 for each 
a sampling cycle. The measuring Software is stored in the 
personal computer 11, and executes a predetermined comput 
ing process Such as a shape measurement of the machining 
object or the like, on the basis of the position information 
which is read via the numerical controller 8. 
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FIG. 4A is a perspective view describing an example of a 
lens array metal mold to which the machining by the spiral 
path is applied, and FIG. 4B is a plan view of the lens array 
metal mold of FIG. 4A. A lot of the same lens shapes 22a are 
arranged on a plane or a curved surface, and one lens metal 
mold 22 is generally constituted by an integrated body of 
several hundreds to several thousands of lens shapes. 

FIG. 5 is a view describing the machining along the spiral 
machining path. A tool 24 relatively moves along a spiral 
machining path 26 with respect to a workpiece (not illus 
trated) so as to machine a lens shape on the workpiece. 

FIG. 6 is a view describing the measurement along a spiral 
measurement path 27. The rod 1e of the measuring element, 
to the leading end of which the spherical measuring element 
if is attached, is attached to one end of the probe 1b of the 
onboard measuring device 1 illustrated in FIG. 2. The spheri 
cal measuring element if carries out the measurement along 
the spiral measurement path 27 which has the same spiral path 
as that in machining. In the case that a milling machining by 
a ball end mill is carried out on the basis of the measurement 
by the onboard measuring device 1, it is possible to compre 
hend all the asymmetries of shape which are generated by 
rotation oscillation of the tool and the fluctuations of irregular 
shape errors which are generated by change of a contact tool 
Surface. 

In this case, a description will be given of a relationship 
between a radius increasing and decreasing amount ARa of 
the spiral machining path and a radius increasing and decreas 
ing amount ARb of the spiral measurement path. 

FIG. 7 is a view describing the radius increasing and 
decreasing amount ARa of the spiral machining path. FIG. 8 
is a view describing the spiral machining path and the spiral 
measurement path. 

In the case that the workpiece is machined along a spiral 
machining path 30, a distance between the spiral machining 
path 30 and the adjacent spiral machining path30 is set to the 
radial increasing and decreasing amount ARa of the spiral 
machining path. Further, a distance between a spiral measure 
ment path 40 and the adjacent spiral measurement path 40 is 
set to the radial increasing and decreasing amount ARb of the 
spiral measurement path. FIG. 8 shows the fact that the radius 
increasing and decreasing amount ARb of the spiral measure 
ment path is greater than the radius increasing and decreasing 
amount ARa of the spiral machining path (ARb>ARa). 

Note that, the following expressions (1) and (2) express the 
shape expression of the lens shape. The expression (1) is a 
two-dimensional cross-sectional expression, and the expres 
sion (2) is a three-dimensional expression. The machining of 
the workpiece (the lens metal mold) is carried out along the 
spiral machining path 30 on the basis of the shape expression 
of the lens shape in the expression (2). In the expression (2), 
reference symbols X and Y denote distances in a direction of 
an X axis and a direction of a Y axis from a center of the lens 
shape, reference symbol R denotes a radius of curvature, and 
reference symbolk denotes Korenich coefficient. 

(1) X2 20 

X2 Y2 (2) 

Note that, the shape expression of the lens shape is 
expressed by the expression (1) or the expression (2) men 
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10 
tioned above only as one example, but may be expressed by 
the other relationship expression, for example, a shape 
expression which expresses a simple plane Such as Z-axX--b. 
A description will be given of the measurement of the 

workpiece carried out along the spiral measurement path with 
reference to FIG. 9. 
A plurality of points 41 positioned on the spiral measure 

ment path 40 are actual measurement points. A radial line 50 
extends from a center 60 of the lens shape at even angles. 
Here, a relationship between the radius increasing and 
decreasing amount ARb of the spiral measurement path and 
the radius increasing and decreasing amount ARa of the spiral 
machining path is shown by ARasARb. In FIG.9, ARa-ARb 
is established. Accordingly, since the radius increasing and 
decreasing amount of the spiral measurement path is larger 
than the radius increasing and decreasing amount of the spiral 
machining path, it is possible to carry out the shape measure 
ment in a thinning manner, and it is possible to achieve an 
effect of improving a measuring precision due to reduction of 
a measuring time and reduction of a temperature drift. 

Note that, the present invention can be applied even to the 
case of ARa=ARb, however, it is difficult to achieve the reduc 
tion of the measuring time in this case. 
The actual measurement is carried out by acquiring dis 

placement data of a mechanical coordinate and the probe 1.f 
for every fixed sampling cycles, at a time when the probe 1.f 
(refer to FIG. 2) of the onboard measuring device 1 moves 
along the spiral measurement path 40. The obtained data is set 
to the shape measurement data. It is difficult to completely fix 
the sampling cycles for acquiring the displacement data of the 
probe 1.f. and the sampling cycles actually have certain degree 
of dispersion. Therefore, the distances between the measure 
ment points 41 become uneven as illustrated in FIG. 9. 
A description will be given of arrangement of shape mea 

Surement data serving as the shape error, obtained along the 
spiral measurement path after machining along the spiral 
machining path, on the radial lines which pass through the 
machining points of the spiral machining path and are 
arranged at every optional angle to pass through the center of 
the lens shape, with reference to FIG. 10. 
As described with reference to FIG. 9, there is often the 

case that the shape measurement data does not exist due to the 
dispersion of the measurement points 41 on a plurality of 
radial lines 50 which are arranged in Such a manner as to pass 
through the machining points of the spiral machining path 30 
from the center 60 of the lens shape. In this case, it is possible 
to determine an approximate value (interpolated shape mea 
Surement data) at a point (a pseudo measurement point 42) 
between an actual measurement point and the adjacent mea 
Surement point, by using a known interpolation method Such 
as a linear interpolation which carries out a linear approxi 
mation, and a spline interpolation which carries out a curvi 
linear approximation (refer to FIG. 11). At that time, an 
accurate approximate value can be determined by taking into 
consideration the three-dimensional shape expression of the 
lens shape. In other words, in the case that the measurement 
point Smoothly changes between the measurement point and 
the adjacent measurement point, it is Sufficient to apply only 
the interpolation, however, in the case that a micro projection 
or a depression exists between the measurement point and the 
adjacent measurement point, there may be a case that it is 
insufficient to apply only an interpolation that connects the 
points one another by the straight lines. In this case, it is 
possible to minimize an influence thereof by more finely 
sampling. Note that machining points are designated, as 
sequence of points having micro distances, along the spiral 
machining path, in the machining program. In the case of the 
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ultra-precision machining, by making the distance between 
the points very Small (for example, Small as much as a desired 
tolerance amount), it is possible to achieve a Surface rough 
ness of several nanometer order only by an interpolation that 
connects the points one another with Straight lines. 
A description will be given of determination of a compen 

sated machining amount for removing a shape error in the 
spiral machining path which intersects with each of the radial 
lines, by using the shape measurement data on each of the 
radial lines, with reference to FIG. 11. A left view of FIG. 11 
is a view obtained by enlarging a position illustrated by a 
broken line 62 in FIG.10, and a right view of FIG.11 is a view 
as seen from a direction of a cross section of the left view. 

Since the radial increasing and decreasing amount ARb of 
the spiral measurement path is larger than the radial increas 
ing and decreasing amount ARa of the spiral machining path 
(ARb>ARa), the measurement is less likely to be able to be 
carried out on the spiral machining path 30 (the spherical 
measuring element if of the measuring device 1 is less likely 
to be able to pass above the spiral machining path30 at a time 
of the measurement). Accordingly, as illustrated by the right 
view of FIG. 11, a profile 49 of an actual shape which is 
obtained by creating on the basis of the shape measurement 
data is formed by connecting the pseudo measurement points 
42 according to an interpolation by curvilinear approximation 
or linear approximation. Note that, as mentioned above, even 
if ARa=ARb is set, and the measurement path is made to 
coincide with the machining path, it is possible to carry out 
the measurement to be carried out in the lens shape machining 
according to the present invention. 
The deviation between a theoretical shape expression pro 

file 39 described by the expression (1) and the profile 49 of the 
actual shape obtained by measuring, which connects pseudo 
measurement points 42 on the radial line 50, comes to a shape 
error amount 47. The shape error amount 47 comes to a 
machining amount to be compensated, however, a work for 
converting it into a machining point compensated machining 
amount on the actual machining point on the spiral machining 
path 30 is necessary. Accordingly, a difference between the 
profile 49 of the actual shape obtained by measuring and the 
theoretical shape expression profile 39 is determined at an 
intersecting point of the radial line 50 and the spiral machin 
ing path.30 (the compensated machining point 32). The deter 
mined difference comes to a compensated machining amount 
37 at the machining point on the spiral machining path 30. 
A description will be given of the compensated machining 

point on the spiral machining path after determining the com 
pensated machining amount at the machining point intersect 
ing the radial line, with reference to FIG. 12. The compen 
sated machining amount 37 at the compensated machining 
point 32 on the spiral machining path 30 is determined. 
On the basis of division per an optional angle by radial 

lines, a distance between the compensated machining point 
and the compensated machining point becomes wider little by 
little toward the outer side, however, a description will be 
given of a method of preventing the reduction of the compen 
sated machining precision which is generated in this case, 
with reference to FIG. 13. 

The position at which the distance between the compen 
sated machining point and the compensated machining point 
is wide is handled by further segmentalizing between the 
compensated machining point and the compensated machin 
ing point by an additional radial line 50. In this case, the radial 
line 52 to be added by segmentalizing should not be extended 
to the center, but should be extended to a necessary and 
Sufficient distance. The measurement data in the pseudo mea 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
surement point 42 which intersects with the added radial line 
52 is determined by the same method as described with ref 
erence to FIG. 10. 
A description will be given of determination of the com 

pensated machining amount at a machining point (the com 
pensated machining point 32) intersecting with the radial line 
52 of which number is increased by the method in FIG. 11, 
after segmentalizing the radial lines in FIG. 13, and determin 
ing the interpolated shape measurement data at the pseudo 
measurement point intersecting with the radial line of which 
number is increased by the segmentalization, with reference 
to FIG. 14. 

In comparison with FIG. 12, the compensated machining 
points 32 become denser. The compensated machining points 
32 are made denser because the compensated machining 
points 32 having narrower pitch distances can be arranged on 
the spiral machining path 30 which is the actual machining 
path, and a precision of approximation is raised in the denser 
compensated machining points at a time of determining 
between the compensated machining points 32 on the basis of 
the approximation, thereby improving the precision of the 
compensated machining. The density of the compensated 
machining points 32 can be set dependent on a shape change 
of the machined lens shape, and in the case that the shape 
change is smooth, the error attributable to the approximation 
may not become larger even when the gap between the com 
pensated machining points 32 is relatively wide. 
A description will be given of determination of the com 

pensated machining amount 37 at each of division points on 
the basis of an approximate interpolation by dividing between 
the machining points (the compensated machining points) 
which intersect with the radial lines and at which the com 
pensated machining amounts, determined by the approxima 
tion from the measurement point, are known, per actual 
machining pitches, with reference to FIG. 15. 
The approximate compensated machining amount is deter 

mined at a division point 34 between the compensated 
machining point 32 and the compensated machining point 32. 
In other words, since the division point 34 is also the machin 
ing point, the machining point compensated machining 
amount at the division point 34 is determined. Since the 
compensated machining point 32 is also a machining point, it 
is possible to name the machining point compensated 
machining amount at the compensated machining point 32 
and the machining point compensated machining amount at 
the division point 34 generically as machining point compen 
sated machining amount. The machining point compensated 
machining amount is a machining compensated amount for 
removing the machining error of the workpiece. 
The interpolation of the compensated machining amount 

37 at each of the divided points 34 can employ a known 
interpolation method such as a linear interpolation, a spline 
interpolation or the like, and the denser the distance between 
the radial lines is, the simpler the approximation is, and the 
more the precision is improved. Since a machining point 
compensated machining amount 38 at each of the machining 
points described in the machining program is determined by 
carrying out the interpolation of the compensated machining 
amount 37 at each of the division points 34 as illustrated in 
FIG. 15, and the compensated machining path is created by 
adding the determined machining point compensated 
machining amount 38 to the machining coordinate at all the 
machining points of the machining program, the compen 
sated machining which will prevent occurrence of shape error 
is achieved. 

FIGS. 16A and 16B are views describing an example in 
which a lens shape is measured on the basis of a measurement 
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which is carried out in the lens shape machining according to 
the present invention, after machining along the first spiral 
path of the lens shape machining. FIG.16A is a view obtained 
by plotting error values with respect to an X coordinate, and 
FIG. 16B is a view obtained by three-dimensionally plotting 
measurement data obtained by measuring along the spiral 
measurement path. After the first machining, the shape error 
is greatly bent and comes to a completely asymmetrical data, 
due to a tool profile error, an asymmetry (a rotation oscilla 
tion) of a rotating locus of the tool or the like. 

FIGS. 17A and 17B are views describing a measurement 
result which is obtained by determining a compensated 
machining amount according to a method of the present 
invention, carrying out the machining along the spiral 
machining path again by adding the compensated machining 
amount to the first spiral machining path in FIG.16 and then 
carrying out the measurement along the spiral measurement 
path again. FIG. 17A is a view obtained by plotting the error 
values with respect to the X coordinate, and FIG. 17B is a 
view obtained by three-dimensionally plotting the measure 
ment data obtained by measuring along the spiral measure 
ment path. The rolling shape error Such as the measurement 
after the first machining illustrated in FIG. 16 runs short, and 
comes to a flat shape error, thereby showing that the shape 
error is improved. 
A description will be given of a process for carrying out the 

machining and the measurement according to the present 
invention by using a flowchart in FIG. 18. The description 
will be given below according to each of steps. 

Step SA01 The lens shape is machined in the workpiece 
according to the spiral machining path. 

Step SA02 The shape measurement data is acquired by 
measuring the shape of the machined lens along the spiral 
measurement path by means of the onboard measuring 
device. 

Step SA03) The interpolated shape measurement data is 
calculated at the intersecting point of the radial line passing 
through the center of the lens shape and the spiral measure 
ment path, from the shape measurement data acquired in step 
SAO2. 

Step SA04. The shape error amount is calculated at the 
intersecting point of the radial line and the spiral measure 
ment path. 

Step SA05 Determination is made as to whether the 
shape error amount calculated in step SA04 is within an 
allowable range or not, and if it is within the allowable range, 
then the process is finished, whereas if it is not within the 
allowable range, then the process returns to step SA06 where 
machining is performed again. 

Step SA06 The compensated machining amount at the 
intersecting point of the radial line and the spiral machining 
path is calculated. 

Step SA07 The machining point compensated machining 
amount on the spiral machining pathis calculated on the basis 
of the compensated machining amount calculated in step 
SA06. 

Step SA08. The compensated machining path is created 
on the basis of the machining point compensated machining 
amount calculated in step SA07, and the process returns to 
step SA01. 
The invention claimed is: 
1. A lens shape machining method of machining a lens 

shape by using a lens shape machining device which has an 
onboard measuring device, and relatively moving a tool and a 
machining object along a spiral machining path, the method 
comprising the steps of 

machining along the spiral machining path; 
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14 
acquiring shape measurement data by relatively moving a 

probe of the onboard measuring device with respect to 
the machining object along a spiral measurement path 
having a radius increasing and decreasing amount which 
is larger than a radius increasing and decreasing amount 
of the spiral machining path, after the machining, and 
measuring the machining object at a measurement point 
on the spiral measurement path by the onboard measur 
ing device; 

determining interpolated shape measurement data at an 
intersecting point of a plurality of radial lines passing 
through a center of the lens shape and the spiral mea 
Surement path by interpolating the shape measurement 
data; 

determining a shape error amount which is a deviation 
between the interpolated shape measurement data and 
reference data, at the intersecting point of the radial lines 
and the spiral measurement path; 

determining a compensated machining amount for remov 
ing the machining error at the machining point which is 
the intersecting point of the radial lines and the spiral 
machining path, on the basis of the determined shape 
error amount; 

determining a machining point compensated machining 
amount at each of the machining points on the spiral 
machining path, on the basis of the determined compen 
sated machining amount; 

creating a compensated machining path on the basis of the 
determined machining point compensated machining 
amount; and 

executing the machining of the machining object by rela 
tively moving the tool of the lens shape machining 
device and the machining object along the created com 
pensated machining path. 

2. The lens shape machining method according to claim 1, 
wherein the compensated shape measurement data is deter 
mined by interpolating the shape measurement data at the 
measurement point according to a linear approximation or a 
curvilinear approximation of the shape measurement data. 

3. A lens shape machining device for machining a lens 
shape by using the lens shape machining device having an 
onboard measuring device, and relatively moving a tool and a 
machining object along a spiral machining path, the device 
comprising: 

a shape measurement portion which acquires a shape mea 
surement data by relatively moving a probe of the 
onboard measuring device with respect to the machining 
object along a spiral measurement path having a radius 
increasing and decreasing amount which is larger than a 
radius increasing and decreasing amount of the spiral 
machining path, after the machining along the spiral 
machining path, and measuring the machining object at 
a measurement point on the spiral measurement path by 
the onboard measuring device; 

an interpolated shape measurement data calculating por 
tion which determines interpolated shape measurement 
data at an intersecting point of a plurality of radial lines 
passing through a center of the lens shape and the spiral 
measurement path by interpolating the shape measure 
ment data; 

a shape error amount calculating portion which calculates 
a shape error amount which is a deviation between the 
interpolated shape measurement data and reference 
data, at the intersecting point of the radial lines and the 
spiral measurement path; 

a compensated machining amount calculating portion 
which determines a compensated machining amount for 
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removing the machining error at the machining point 
which is the intersecting point of the radial lines and the 
spiral machining path, on the basis of the determined 
shape error amount; 

a machining point compensation amount calculating por- 5 
tion which determines a machining point compensated 
machining amount at each of the machining points on 
the spiral machining path, on the basis of the determined 
compensated machining amount; and 

a compensated machining path creating portion which cre- 10 
ates a compensated machining path on the basis of the 
determined machining point compensated machining 
amount, 

wherein the machining of the machining object is executed 
by relatively moving the tool of the lens shape machin- 15 
ing device and the machining object along the created 
compensated machining path. 

4. The lens shape machining device according to claim 3, 
wherein the compensation shape measurement data calculat 
ing portion determines the interpolated shape measurement 20 
data by interpolating the shape measurement data at the mea 
Surement point according to a linear approximation or a cur 
Vilinear approximation of the shape measurement data. 

k k k k k 


